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fcqi e©Zi ep^`WztZYZi e r ^dotmcqzpc ªegzgZlm§hjanz9¸/X Yn­ lhjaXo©YZiXhjino«¬µaXZ.bd¬µaXZ.o Z3x_m&zt^dZ.iXvZ.o:v^ ¨ r Z.ogothjaXo«cqmXzgW.o
aXiXZc r jZv3ep^`hjiNotaXzaXiXZ r ^`otepcqiXvZ r Z*+0YNY   ; } q¢¤hq^do1bdc+qzg^`bdb`Z0À­
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Q Z"ogvVX.Y+c  À¶¸3 1c r hjinv"bªc	¢Jcqvanb`eg r »c qhj^`z:ogZ.o:mXzgZ.Y^dW.zgZo1Z.zgztZaXzto r ^`ogm&Zzgot^`qZoZ.e r ^`ogog^`mcfeg^`qZo
zg.jbdcqºXb`Zo©cqa_xYh sjZ.iXo r Zo mcqzgcqYW.egzgZo©¶Z.e ¸­ Ncq^`i epZiXcqi e³µiXhjaXoqhjaXb`hjiXo anep^`b`^dotZz©vZogvVX.Y+cotaXz
b`Z2otsuo}epWYZ r Z.o"¬µacfeg^dhqiXo r  RaXbdZ.z"ºX^ r ^`Y+Z.iXog^`hjiXinZb r cfiXo"b`Z2vc r zgZ r a vcqolepZ.ote^`~ r Z°b´½R 
cf¹i r Z{}aXjZ.z r ZPogc ogZ.iXog^`ºX^`bd^£epZi qZzgobJZzgztZaXz r Z 3J   | 3¤ÂD8 mcqzbªckoghjb`anep^`hjiÇ^`iXotepcfep^`hjiXiXcq^dztZ
¬µa¼^db r hqiXiXZq­
Q Z(mcqotopcqjZ r Zozg.ogaXb£ecfego#hjºnegZiµaXoogaXz#b`Z(Yh r Wb`Z(bd^`iXcf^dztZ r Z(b´»c r qZv.eg^dhqi ¡;v.Z(otsuotegWYZ?inhji
b`^diXcq^`zgZ¥Zotev.bªcq^`zgZ.YZi e otaf{}Z.eN¡Çvcqaneg^dhqi¼­ ` Zm&Zi r cqi e³lbdZ.okztoganb`epcfepoiµaXYzg^`¬µaXZo r hjiXinok¡ bdc
¹i r ZvZ#vVXcqmX^£epzgZotaXzbdZ#vcqoepZo}e `~k.m§hqaXogZ.iµe+mXztZot¬uanZ 	    JiXhjano°sÇzgZ3_^`Zi r zghjino'¡(bdc
vhqiXvb`aXog^`hjiO1b`ZvVXcqiXjZ.Y+Z.i e r Z	ot^djinZ r Z	bJ»Z.zgztZaXz r ^`ogm&Zztog^£jZ r akYh r Wb`Z	bd^`iXcf^dztZ  
  #, + !	 +$
yaX^dot¬µaXZ iXhqaXoothjaXVcf^`eghjiXozgZi r zgZ+vhjYmnegZ r »aXinZ'otZiXot^dºX^`b`^`egP¡bªc r ^`ogm&Zzgot^dhqi¼³^db vhqiµu^`Zi e r Z
epzgcqcf^db`bdZ.z	cjZv+aXiXZ r ^dotog^`mcfep^`hji r hjz r ztZ#vhjiXo}ecqi egZ'¡ r 3¢Jcqane r Zm&hjanqhj^`z .epztZiuanbdb`Zq­mRi¿Zsh§Z.e³
mXztZi r ztZ ¸ X Y r cqiXobdZPo}suotepW.YZ r Zo°.¬µacfep^`hjiXo r kRaXb`Zz.³
vf»Z.oteoganmXmXzg^`YZz°Z.i ep^`WzgZ.YZi e+bªcY'c¾¨
epzt^dv.Z r Z2h_ZZ3e r hjiXvvhjaXm&Zzv.hjaXzte~¡ephjanegZ_^`ogv.hjog^£ep2cqzteg^`¹Xv^`Zb`bdZvZ¬uan^Z.Ym.vVXZ2b`ZmXcqogogcqjZ r a
Yhj^`i r zgZwvcqb`vanb´­R i vhjiXot¬µaXZ.iXvZf³XjhjaXbdcqi e:incqiXYhj^`iXo:b`^`Y+^£epZ.z:bJ»Z.zgzgZ.aXz r Z r ^`ogot^dmc|ep^`hji r hjz r ztZ"n³
iXhjanowcqhjiXolmXzg^`oaXikmnzgh r aX^£e¶¸Nvhjinotecfiµe r Zfcqb`ZaXz   ­Zotepcq^£e"¡+ogm&v^£¹Z.z~¬µaXZb`¬µaXZowqcfbdZ.aXzgo r aNmcfzpcqYW.egzgZ¶ r ZY'cfiX^dW.zgZ¡ r ^`ogm&hjotZz r »aXinZZ.zgzgZ.aXz r ^do¨
m&Zzgot^`qZ r hjz r zgZ N c qZv"ztZ.epcqz r ³uiµaXb`bdZ"Z3e1cjZ.vcfcqiXvZf­nlhjaXo r hjiXiXhqiXo r cqino b`ZwecfºXbdZcqaPv.^£¨ r ZotoghjaXo.³
b`Zovhji_¹jaXzgcfep^`hjiXo r Z	vcfbdv.aXbZi u^dogcqjZ.o 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 bvhqiµu^`Zi e r Zjzt^`¹XZzl¬uanZmXztZi r zgZ	aXiiXhjY2ºnzgZ r ZA` hjaXzpcfiµe
% X +
opc|ep^`ot¢Jcq^£elbªcotepcqºX^`bd^£ep r ZephqanepZ.owb`Zovhqin¹jaXzgcfep^`hjiXolZi u^`opcqj.Zo.­ yhjaXzvZ	¢Jcq^`zgZq³niXhjaXolzgZ.mXzg.ogZi eghjiXo
Zi¢¤hjiXv3ep^`hji r Z	¶FaXiXZ	v.hjaXm&Z r Zbdc°¹jaXztZ  +m&hjaXz1aXimXzth r an^`e¶¸ v.hjiXo}ecqi e r ZqcfbdZ.aXz   ­
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1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
N
U
BETA
NU_cmin
ZONE STABLE
ZONE INSTABLE
Beta=1/6 - Gamma=6/10
Beta=1/3 - Gamma=3/10
Beta=1/2 - Gamma=2/10
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whjanov.hjiXo}ecfeghjiXoogaXzbdc¹qaXzgZ :¬µaXZ«mnbdaXob`Z ogvVX.Y'c µÃ    *"¤¶ &  -¼Z3e5mnbdaXo^`b Zo}e5o}ecqºnbdZf­ wavhqiµegzpcq^`zgZf³qmXb`aXob`Z:ogvVnY+c ( 48Å  "¤¶   -5Z3emXb`aXo9ogc2
hjiXZ r Z:otepcqºX^`bd^£ep1otZ:zgZ.otegzgZ^`i r ­.` Zm&Zi r cfiµe³m&hjaXz~b`Zovcqo"iXhqaXo"^`iµegztZogogcqi e³¼mnzgZi r zgZ %/X +°bdcq^`ogogZephjaf{}hqaXzgo"o}ecqºnbdZ2eghjanegZo"b`Zo"v.hjin¹qaXzpcfeg^dhqiXo
¬µaXZb`¬µaXZ	oghj^£e1bdc r ^`zgZ.v.ep^`hji r »c r qZv.eg^dhqi@CmXzg^`ogZf­Riv.hjiXot¬µaXZinvZq³ %
X +Z.ote1bdc2fcqbdZ.aXz r a#inhjY2ºXztZ
r ZA` hjaXzgcqi el¬uanZinhjaXomXzgZ.i r zthjiXoecqi em&hjaXzbdZ	Yh r Wb`Zc r jZ.v.eg^`¢
¬uanZm&hjaXz1v.Zb`aX^ r aotsuotegWYZ r Z.o
¬µac|ep^`hjiXo r kRaXb`Zz.­
lcqmXm&Zb`hjiXolZin¹iN¬uanZ2bdc¹qaXzgZ Z.ote"ztZmXztotZi ecfeg^`qZ r ZbªcotepcqºX^`bd^£ep r aNotvVXY+c#¡Y'cf^db`bªcfjZ¬µac¾¨
r zgcqiXjaXbdcq^`zgZ	vhqY+YZ	vZ.bdan^5¡Y+cq^`bdbdcqjZegzg^dcqiXjaXbdcq^`zgZf­
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qZv v.Zo'vhjin¹XjaXzpc|ep^`hjiXo r Zo'mcqzpcfY+W3epztZo ¶ Z.e ¸³ zgZ.mXzgZ.iXhjiXo'bªc¥vhji r ^`eg^dhqi ^`iX^`eg^ªcfbdZ" 6  N-Z3e
Z3xncqY^`iXhjiXo~ogaXzwbªc¹jaXztZ  'b`Zo~Y+h r ^£¹vc|ep^`hjiXo r ^dotm§Z.zgog^£jZ.oZ.e r ^dotog^`mcfeg^`qZo r aNotvVXY+c  À¶¸  ¬µac¾¨
r zgcqiXjaXbdcq^`zgZcqmXztWoaXimcqztvhjaXz}e r Z*+0YNY   ; r cqiXobdc r ^dztZv.eg^dhqi C&X   ¡bªc°u^£epZotogZ A7X +j­whqaXozgZ.u^`Zi r zghjiXow¡bªcvhqiXvb`aXog^`hjikogaXzb`ZotvVXY+cepzg^dcqiXqaXbªcf^dztZq­
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Beta=1/2
Beta=1/3
Beta=1/6
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whjano:vhjinotec|ephjiXo&¤opcqino:ogaXztmXzg^`ogZ r ½cqmnzgWo1bJ.epa r Z"YZiX.ZmXzg.v r ZYYZi e 1¬µaXZ"iXhqaXo:hjºnegZiXhqiXo
aXiXZkvhji_¹jaXzgcfep^`hji ¤Zi ºnbdZ.aO'cjZ.v aXiXZkZztzgZanz r ^`ogm&Zztog^£jZ r Ze s_m&Z cfcqiXv.Zq³©aXiXZkvhjin¹XjaXzpc|ep^`hji
JZ.ihjzpcqinjZ02cqZvaXiXZ#ZztzgZ.aXz r ^`ogm&Zzgot^`qZ r Ze sum&Z#zgZ3ecqz r Z3eaXiXZ#v.hjin¹janzpcfeg^dhji ¤ZiÇjZ.zte °cqZv
aXiXZ2ZzgztZaXz r ^dotm§Z.zgot^`qZ r »hqz r ztZ N iµaXb`bdZf­¼whfephjiXo~¬uanZ°bdZ2zgZ.epcqz r Z.e"bJ»c fcqinvZ°othji e¬µacqi ecfeg^`qZYZi e
^ r Zi ep^`¬µaXZo.­
y5hqaXz vZ1¬µaX^Zo}e r Z1b´ZztzgZ.aXz r ^dotog^`mcfeg^`qZq³ubdZ:¢Jcq^£e r Z1iXZmcfo c qhj^`z©mnzg^`o©ani+mnzgh r aX^£e ¶¸ X YZiXqZi r ztZ
aXiXZZztzgZ.aXz r hjz r zgZ+inhjiNiµaXb`bdZY+cq^dol¬µaX^Zo}e&3  R8§Ã 3 7¼  m&hjaXz1ephqanepZ.o~b`Zolvhjin¹XjaXzpc|ep^`hjiXolZ.ew¬uan^
zgZ.otegZ2cqotogZ
Yh r Zo}epZmcqz1zgcqmXm&hjztelcqauxogvVX.Y+cqo~v.bªcqotog^`¬µaXZo°¯ X|²´­
 %$ >$ +"!# !#$ )/+ 5  )61    +   1
Q Z?Yh r Wb`Z?inhjiLb`^`iXcq^`zgZ¥Zo}eNºn^dZ.i Zi egZi r a vZb`aX^ r a otsuotegWYZ r Z.ok.¬µacfep^`hjiXo r  RaXbdZ.z­ Q Z
mXzthjºXb`WYZk3epa r ^dZo}e'v.Zb`aX^ r a r .epcqvVXZYZ.iµe ephjaXztºX^`bdb`hjiXicf^dztZºn^ r ^`YZiXot^dhqiXiXZbw¡¿b´^di egzg^`Zanz r Z.o
mXzthjmXaXb`ogZ.aXzgow¡+m&hja r zgZ r  ~zt^ªcqinZ  ¯±[ N ²´­
Q ckv.hji r ^£ep^`hji;^`iX^£ep^dcqbdZ'vhjYYaXiXZ#¡ephjanegZobdZ.o°vhji_¹jaXzgcfep^`hjiXo r a;otvVXY+c4 À¶¸  Z.ote r Z mXztZi r ztZ
aXiXZ r ZiXot^`egv.hjiXotepcqi epZ " X + -À³naXinZmnzgZotog^`hjivhjiXo}ecqi egZ "  X +.YNY>YNYNY -À³naXiXZu^£epZotogZiµaXbdb`ZZ.ev.Z
r cqinoeghjaneb`Z r hjY+cq^`iXZ r Zvcqb`vaXbJ­
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Æ´ ¯  |²©c#3epzgcqbd^`ogotaXz	b´.epcqºXb`^dotogZYZ.iµe r Zo.epcfepo^`iXo}ecfeg^dhjinicq^`zgZovcfz³¼otaXz	aXi?Y+cq^`b`bªcqqZ
vhqY+YaXi r Z  + +1m&hj^`i epo³ ^`b`o«othji e r Z r Z.a_xe sum§Z.o­`­d­ Q aXi r Zwv.Zo©.ec|epo Zo}e aXinZlztm&hjiXotZ~cqv.hjaXo¨
ep^`¬µaXZ°¡aXiXZ¢¤zg.¬uanZiXv.Z r Zi u^dzthji ; "!Y!Y 'cqbdhqzgol¬uanZ2bJ½cqa_epzgZZo}e"aXinZztm&hjiXogZ2¡'aXinZ¢¤zt¬µaXZinvZ
r Zi u^dzthji    NY!Y n­
Q ZotvVXY+c  À¶ X 
	
[ ¸@X 	   *JzgZ3ecqz rkr ^dotm§Z.zgog^£¢  r hjiniXZ2bdc¢¤zt¬µaXZ.iXvZ r Z ; "!YNY  JhqzpcqiXqZ03­Q Z#ogvVX.Y+c  À¶ X  [¸ZX     ´cfcqiXv.Z r ^dotm§Z.zgot^`qZ0 r hjiXiXZ#bdc ¢¤zg.¬uanZiXv.Z r Z    NY!Y H¤ºXb`ZaOÀ­` hjiXv.bdanzgZ°^`v^¬µaXZ°bJ»3ecfe~^diXo}ecfeg^dhqiXicq^`zgZhjºXogZ.ztqZotew¢¤hjiXv3ep^`hji r Zbªc r ^dotm§Z.zgot^dhji r »hjz r zgZ N ogZ.Y2ºXb`Z
epztWohjotZ3e+iXv.Zogot^`egZNaXi·cqmXmnzghq¢¤hji r ^dotogZ.Y+Z.i e#cqaYh sjZi r a·otvVXY+c  À¶ X  ['¸ X    PhTSbdcr ^`ogm&Zztog^`hji r hjz r zgZ N r Z.u^`Zi ewiuanbdb`Z  jZ.zte À­
Ri(¢Jcq^`e³ ^`in¢¤hjztY'c|ep^`¬uanZYZi e³bdc fcqb`ZaXz"¶BX  i¼.epcqi e	mcqoaXinZ°qcfbdZ.aXz r .v^`Y'cfbdZf³i¼»Z.ote	mcfomXzghf¨jzgcqYY'cfºXbdZf­gRiNvhqiXog.¬uanZiXv.Zq³ inhjaXowc qhjiXolmXzg^`o r Za_xfcqb`Zanzgo r Z	¶;^di_¹iX^`Y+Z.i ewqhj^dot^dinZo"bJ»aniXZ r Z
bJ½cqa_epzgZ¡ +0Y    mXztWo 
¶ X Y )                  2Z3ew¶ X Y)                  6
Q Zozg.ogaXb£ec|epohjºnegZiµaXo^di r ^d¬µaXZ.i e'¬µa¼^`b sÇc mcfogopcfjZ r aXiXZ#¢¤zg.¬uanZiXv.Zk¡ aniXZcqanegzgZ#m&hjaXz°bdc
fcqb`ZaXzl¶X    `~Zote"cqaXotog^bªcqcfbdZ.aXzwh SNbdc r ^`ogm&Zztog^`hji r hjz r zgZ N vVcqinjZ r Zog^`jiXZY'cf^dowcqaXotog^hTSb`ZotvVXY+c  À¶¸3  r Z3u^dZ.iµewmXb`aXolmXzg.v^`o­
y5hqaXz cfmXmXansqZz:Z.iXvhjztZ~v.ZwmXzthjm&hjo³µaXiPv.hjiXo}ecfe«ogZ.Y2ºXbdcqºXb`Z¡3ep¢Jcq^£e r cfiXo"¯ N ²§cjZ.v"bdZlogvVnY+c  À¶¸  
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